Glaucoma is a group of chronic optic neuropathies, characterized by the alteration of the optic nerve and the death of retinal ganglion cells and represents a leading cause of irreversible blindness, estimated to affect 76 million in 2020 and 112 million people in 2040 (Tham et al., 2014). Age and elevated intraocular pressure are considered major risk factors for the onset and progression of the disease and, accordingly, all the approved therapies aim to intraocular pressure lowering. However, the high incidence of normal tension glaucoma and the recurrence of patients that continue to lose vision even when intraocular pressure values are successfully controlled, highlight the fact that elevated intraocular pressure is not sufficient nor necessary for developing the disease (Blumberg et al., 2015). Therefore, alternative treatments, beyond and/or independent of intraocular pressure reduction, are required to fulfill the need of a better glaucoma therapy. We have performed a PubMed literature search with the key words: glaucoma and neuroinflammation, glaucoma and microglia activation, glaucoma and inflammasome.

Over the course of the disease, apoptotic retinal ganglion cell death occurs through a complex sequence of pathological events that involve several contributing factors (*i.e.*, modifications of neurotrophin signaling, excitotoxicity, oxidative stress, mitochondrial dysfunction, protein misfolding, hypoxic and ischemic phenomena, autoimmunity and, more recently, autophagy) (Baltmr et al., 2010; Russo et al., 2016).

Although the exact mechanisms by which retinal ganglion cell axons are insulted and finally degenerate are not known, a mounting literature suggests a crucial role for neuroinflammation. In the central nervous system resident astrocytes and microglial cells are responsible for immune surveillance and mediate primary inflammatory responses that protect neural tissue from pathogens and help recover from injury and stress. In the retina and optic nerve three types of resident glial cells (astrocytes, Muller cells and microglia) mediate the inflammatory response. Following glaucoma-related stimuli (*i.e.*, optic nerve transection, ocular hypertension, excitotoxicity) glial cells become reactive and redistribute in the retina and optic nerve, producing mediators, such as cytokines and interleukins, that might affect neuronal survival through both neuroprotective and detrimental effects (Tezel, 2013). Activation of immunocompetent cells has been detected at the optic nerve head and in the retina of animal bearing experimental glaucoma. Indeed, reactive microglia has been identified following optic nerve axotomy, retinal ischemia/reperfusion injury, ocular hypertension and human glaucoma (Russo et al., 2016). Among the factors released by activated microglia, tumor necrosis factor-alpha (TNF-α) and its receptor are important mediators in several models of retinal ganglion cell. A growing body of literature reported a modulation of TNF-α levels in clinical glaucoma suggesting that a relation exists between this cytokine and the progression of the disease (Tong et al., 2017). Interestingly, it has been recently reported in a mouse model of corneal chemical injury that TNF-α inhibition, prevents monocyte infiltration and microglia activation and reduce susceptibility to develop secondary glaucoma and retinal ganglion cell death (Paschalis et al., 2018). Interleukin-1β (IL-1β) is also a key microglia-derived factors for glaucoma progression acting by stimulating the production of matrix mellanoproteinase-9, nitric oxide and reactive oxygen species. Another pro-inflammatory cytokine released by microglia and astrocytes, interleukine-6 (IL-6) is an important component of the pressure-induced retinal response and it exerts neuroprotective effects on retinal ganglion cells challenged by pressure (Sappington et al., 2006). Besides being involved in the release of cytokines and chemokines, activated astrocytes and Muller cells up-regulate structural proteins such as glial fibrillary acidic protein; the biological role of this response has not been clarified though it seems to be an essential part of gliosis (Russo et al., 2016).

Inflammasomes is a group of cytosolic multiprotein complexes and sensors that regulate the activation of caspase-1 and coordinates inflammation in response to infectious microbes and stress factors (Zanon-Moreno et al., 2018). Following its activation, caspase-1 induces the maturation of cytokines such as IL-1 beta and interleukin-18 contributing to the progression of the inflammatory process. Different types of inflammasomes have been identified, including the ones controlled by nod like receptor proteins (NLRP1, NLRP2, NLRP3) that operate in innate immunity. In particular NLRP1 and NLRP3 play a crucial role in the pathogenesis of glaucoma. Indeed, a study conducted in human glaucomatous eye reported an increase of NLRP3 inflammasome, caspase-1 and caspase-8 levels. Furthermore, NLRP3 as well as NLRP1 inflammasomes are present in mice and rat models of acute glaucoma (Yerramothu et al., 2018).

Based on these observations, biological therapies currently used for autoimmune diseases (*i.e.*, multiple sclerosis, rheumatoid arthritis, psoriatic arthritis and spondyloarthropathies) could be suitable to modulate inflammation and immune response in glaucoma. These therapeutics include: IL-1 receptor inhibitors (anakinra), anti-IL-6 monoclonal antibody (clazakizumab), TNF-α blockers (monoclonal antibodies: infliximab, golimumab and adalimumab), non-TNF-α blockers (fusion protein: abatacept; monoclonal antibodies: tocilizumab and rituximab) (Zanon-Moreno et al., 2018).

Cytokine signaling and inflammasome are linked to the "redox - sensitive" master transcriptional regulator nuclear factor-kappa B (NF-κB). Indeed, activation of the NF-κB pathway leads to increased IL-1 expression promoting the secondary inflammatory cytokines cascade in microglia (*i.e.*, TNF-α) and astrocytes (*i.e.*, IL-6). Proteomic analysis of glaucomatous retinas from humans and rats showed upregulation of kinases involved in the activation of NF-κB pathway, such as: RIPK (receptor-interacting proteine kinase), NIK (NF-κB inducing kinase) and IκK (I kappa B kinase) (Tezel, 2013). Accordingly, tempol, a superoxide dismutase mimetic and free radical scavenger, reduced activation of NF-κB limiting the neuroinflammatory process and preventing ocular hypertension-induced axon and retinal ganglion cell loss (Yang et al., 2016).

Oxidative stress is critical for the initiation and dysregulation of immune activity during glaucomatous degeneration. The oxidative process and the production of reactive oxygen species regulate immune response by stimulating the antigen presenting ability of glial cells and increasing the generation of advanced glycation end products which modulate cellular function through the binding of specific receptors (*i.e.*, RAGE, receptor for advanced glycation end product). advanced glycation end product-binding receptors, which are mostly found on monocytes, pericytes, endothelial cells, macrophages, microglia and astrocytes, induce the release of profibrotic cytokines, such as transforming growth factor-beta and proinflammatory cytokines, such as TNF-α and IL-6 (Tezel, 2013).

In view of the role played by oxidative stress in the developing of inflammatory response, antioxidant strategies represent a possible approach for limiting the inflammatory component of glaucoma. Several compounds, often of natural origin, are endowed with antioxidant actvities and have been shown to be neuroprotective in experimental models of glaucoma. Coenzyme Q10, an important component of the mitochondrial electron transport chain, is a potent antioxidant and our and other groups reported the ability of coenzyme Q10 to prevent retinal ganglion cells loss in *in vivo* and *in vitro* model of glaucoma. Moreover, topical coenzyme Q10 has been shown to positively affect retinal function in patients with primary open-angle glaucoma (Parisi et al., 2014). Alpha-lipoic acid and superoxide dismutase, two essential antioxidants, as well as *Ginkgo biloba* leaf extract and *Lycium barbarum* aqueous extract, two traditional Chinese medicines, show neuroprotective effects in patients with normal tension glaucoma and in an ocular hypertension model of glaucoma, respectively (Song et al., 2015).

Glial cells, in addition to innate immune activities, through the release of cytokines and chemokines play important roles in the adaptive immune response in glaucoma and, expressing major histocompatibility complex molecules, function as resident antigen-presenting cells (Tezel, 2013).

Involvement of the immune system in glaucoma includes also the modulation toward both an increase or decrease, of serum autoantibodies titres in a variety of retina and optic nerve proteins. Indeed, upregulation of antibodies against heat shock protein 60, heat shock protein 70, alpha-fodrin or myelin basic protein as well as downregulation of antibodies directed to γ-synuclein, glial fibrillary acidic protein or vimentin were reported in the sera of glaucoma patients (Tezel, 2013; Von Thun Und Hohenstein-Blaul et al., 2017). The pathological role of the detected autoantibodies has not been yet clarified, but it is known that up-regulated autoantibodies can be auto-aggressive and lead to pathogenic conditions. Therefore, targeting autoimmunity might represent another possible approach for glaucoma therapy. However, it must be also considered that the downregulation of some autoantibodies in glaucoma patients could lead to a loss of protective autoimmunity. Furthermore, autoantibody could be interpreted as biomarkers and be useful in glaucoma diagnosis offering the chance of slowing down the development of glaucoma by early diagnosis and treatment (Von Thun Und Hohenstein-Blaul et al., 2017).

Recent studies suggest the repurposing of antibiotics with anti-inflammatory properties for glaucoma treatment. Minocycline, a second-generation tetracycline with antimicrobial and anti-inflammatory activities, has been reported to afford neuroprotection in experimental models of glaucoma, such as intraocular pressure elevation and optic nerve transection (Levkovitch-Verbin et al., 2014). The neuroprotection afforded by minocycline appears to be mediated at least by two mechanisms: attenuation of innate and adaptive immunity, in particular preventing the activation of microglia, and blockade of apoptotic cascade (Russo et al., 2016).

Azithromycin is a widely used semi-synthetic macrolide antibiotic endowed with anti-inflammatory and immunomodulatory properties. We have recently reported the first evidence of the neuroprotective effect of azithromycin in an experimental model of acute glaucoma induced by transient elevation of intraocular pressure; azithromycin-mediated neuroprotective effects were ascribed to the ability of the drug of modifying the inflammatory state of the retina (Varano et al., 2017). Similarly, the neuroprotective effect of azithromycin has been previously reported in mice subjected to ischemic stroke; in this model azithromycin reduced brain injury by decreasing the infiltration of inflammatory, myeloid, cells in the ischemic hemisphere and promoting the macrophage transition towards the M2 phenotype (a phenotype that stimulates angiogenesis, tissue remodeling and repair) (Amantea et al., 2016). These data suggest that systemic treatment with azithromycin might exert peripheral immunomodulatry effects that, in turn, affect neuronal survival in central areas. Since azithromycin is characterized by a documented ability to reach high tissue concentration after oral administration and has a favorable safety profile, it could be identified as a promising candidate for treating ocular disorders associated with retinal ganglion cell degeneration.

In conclusion, a growing body of evidence supports the notion that neuroinflammation and neurodegeneration coexist in several central and peripheral pathologies and have often a reciprocal causative role. Furthermore, pathogenic and reparative properties have been attributed to the inflammatory and immune response triggered by neuronal insults (Soto and Howell, 2014). Accordingly, over the course of the optic neuropathy, activation of the immune system may act as a double-edge sword having both harmful or beneficial effects on retinal ganglion cell survival. Therefore, developing new therapeutic approaches aimed at modulating, rather than suppressing, the neuroinflammation and the activation of immune system might hold great potential for the treatment of glaucoma though this implies a careful choice of the druggable targets and the consideration of a flexible therapy that must be redesigned depending on the disease state (**[Figure 1](#F1){ref-type="fig"}**).
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